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SUMMARY

A. Hart

Flighttestson a twin-emginetransportairplanehavebeenmadeto
determtietheeffectsof fus~e-nacelleinterferenceonthecircumfer-
entialdistributionoftheriseh totalpressureat oneradislstation
behindthepropellers.!Iheeffectsof thisflowinterferenceon the
operationofa simplepropeller-thrustindicator,whichssmplesthetotal-
pressureriseattwodiametricallyopposedpointsinthesl.ipstresm(to
counteracttheeffectsofvariationsinanglesofpitchandyaw),have
beeninvestigated.

Fuselage-nacelleinterferenceisshowntobe thecauseofappar~t
clifferencesb indicatedthrustbetweenpowerplsn.tsoperatingunder
presumablysimilarconditions.Prop-placmentofthethrust-indicator
total-pressuresensimgelementseliminatesthediscrepanciesforsay
preferredflightcondition,withonlysmallresidualeffectsremaining
at otherflightconditions.Thrustindicatorsinstalledforcomparison
Purposesinthecruiseconditionmay,forexample,be usefulas a sensi-
tivemeansof controllingengineoutputsndairplanetrhlwhilestill
servingas a reliablesafetydeviceinallotherflightconditions.

INTROIXETION

As a resultof severalseriousairplsne
inadvertentpropellerrev~sal,considerable
towardthedevelonmntofa suitablewarning

accidentsattributedto
effortisbeingdtiected
device.in sn.ysituation,

suchasan inadv~tentpropellerreverSal,&gine failure,& propellek
governormalfunction,theimmediatedangersrisesprimsrilyfrc?nthe
stidenlszgeasymmetricalchangesinthrustwhichmayoccur.Thesethrust
changesmaycausecompletelossinaizplsmecontrol.Becauseofthe
dtiectconnectionbetweenthrustandsafeairplaneoperation,someform
ofthrustmeterappearsdesirable..

a
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A particularlysimpletypeofthrustindicatorwaspresentedatthe -
AirTransport-SafetySession,Twenty-FirstAnnualMeetingoftheIASin
NewYorkonJanusz’y26-29,1953,Anelaborationof thispresentation
isgiveninreference1. Thisthrustmeterisa simplificationofan *
experimentalmethodofdeterminingpropellerthrustwhichhasbeenin
useformanyyesrs(refs.2 to6). Thetheoreticalequationsdescribing
theconversionofmeasurementsoftheriseintotalpressuretothrust
sregiveninreference~. Thesimplificationconsistsofreplacinga
multiplicityoftotal-pressuretubeswithtwodiametricallyopposed
tubes,theuseoftwotubesbeingconsiderednecesssxyto compensatefor
theeffectsofanglesofpitchandyaw (refs.7 and8). In theprocess
ofreplacinga multiplicityoftotal-pressizretubeswithonlytwotubes,
anaccuratemeansofdeterminingthrustisreplacedby a indexof thrust.
Theplacementofthepairoftubesthereforebecomesimportant.

As reportedinreference1,preliminarytestswithvertically
orientatedtotal-pressuretubeswereconductedona C-45airplane.
Sincethattime,similarinstallationshavebeenmadeon severalother
t~es ofairplanesanda significantamountof serviceexperiencehas
beenaccumulated.

k
Thesetrialshavealldemonstratedthevalueof the

-—-.

simplethrustindicatoras a warningdeviceforsuddenchangesinpro-
pellerthrust.

--
a

Withtheverticalorientationoftotal-pressurettiesusedinthe
trials,differencesof 5 percentto 10percentin indicatedthrustwere
oftenobservedbetweenenginesoperatingunderpresmablyidentical
conditions.Thesedifferencesdependedonthefli~t conditionand
werenotrandcxninasmuchas theywererepeatable.

—.

Althoughtheobserveddifferencesinindicatedthrustwereinsig- ‘
nificantwithrespectto theuseoftheindicatorasa warningdevice,
differencesinindicationswouldbe objectionable,forexample,in
applicationoftheinstrumentto cruisecontrol.Forcruisecontrol,
itwouldappearnecessarythateachindicatorshowthesamethrustfor
thesameenginepoweroutput.

It isevidentthattheairflowintothepropellersisnonuniform
due,primarily,tofuselage-nacelleinterference.A lsrgeamountof
researchhasbeendoneonfuselage-nacelleinterferenceinrelationto
thel-per-revolutionpropellervibratoryproblem.(Ref.9, forexample,
presentssm extensiveseriesofmeasurements.)Althoughnonuniform,
thisflowwilltendtobe symmetricalwithrespectto theplaneof
symmetryoftheairplane.Difficultyarises,however,whenpropellers
sxemadetorotateinthisflowinthesamedirection,antisymetrical
withrespectto theplaneof symmetry.Weliminarycalculationstidicated
thatthiseffectcouldaccountforthediscrepanciespreviouslynoted.
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.
Thepurposeofthisreportistopresenttheresultsof a direct

investigationof theeffectoffuselage-nacelleinterferencebymeans
* ofmeasursnentsoftotal-pressurerisemadecircumferentiallyat one

radialstationbehindsimilarlyrotat.dngpropellersofa twin-engine
transportatiplane.Thesemeasuraentssreusedina briefsnalysis
todeterminewhetherthethrustdifferencespreviouslyobservedmaybe
eliminatedby reorientationofthetotal-pressuretubes.

SYMB3LS

Vis
serviceindicatedafispeed,mph

Q angularpositionaboutthrustaxis,measuredcounter- ~
clockwisefromupperverticalpositionas seenfrom
front,deg “

P

fm~ differencebetweentotalpressureinpropellerwakeand
totalpressurefromcopilot’sservice&speed system,

.
‘“ %20

* yawangle,positiveforrightyaworleftsideslip,deg

AIRFmNEANDAPPARATUS

me airplaneusedforthisinvestigationwasa twin-enginetrans-
portairpbe withR-1830-~ engines,a frontviewofwhichis shown
infigure1.

Eachtotal-pressurerakeconsistedofa ringofK?total-pressure
tubesmountedon eachenginenacelleas showninfigures2 snd3.
Slipstreamtotal-pressurerisewasdetermineddtiectlyby recording
thedifferencebetweentotalpressuresensedby eachsurveytube@
referencetotalpressureobtainedfranthecopilot’ssideofthestand-
=d airspeedsystemoftheairplane.Therecordtigmultiplemanometffs
availableforthisinvestigationhada rangeof*1Oin.~0. Measured
pressuressreesthatedtobe accuratetowithti0.2in.~0.

Air@hmesnglesofattackmd yawweremeasuredbyvauesmounted
ona boomextendingforwaxdfromthenoseof-theairplaneas shownin
figure4.

.
Airspeedsndaltitudeas sensedby thestandardairplanesystaw=e

alsorecorded.
w
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Dimensionspertinenttothisinvestigationsreshowninfigure5.
Otherspecificationsof interestsreasfollows:

Engines(two). . . . . . watt andWhitneyR-1830-90CTwinWasp,with
right-handrotation

Propellers(two): HamiltonStandardthree-bladehydromaticquick-
feath=ingwithconstant-speedcontrol

Bladedesi~ . . . . . . . . . . . . . . . . . . . 6477A-O(wide)
Reduction-geerratio.... . . . . . . . . . . . . . . 16:9
Tipclearancebetweenfuselageandpropeller,in. . . . 7*

Airplanetestweight,lb (approx.) . . . . . . . . . . . . 25,000

wing:
Area,sqft. . . . . . . . . . . . . . . . . . . . . . . 988.;
Incidence,deg . . . . . . . . . . .’.. . . . . . . . .
Dihettral,deg. . . . . . . . . . . . . . . . . . . . . .
Aspectratio . . . . . . . . . . . . . . . . . . . . . . 9.1;
Airfoilsectionatroot. . . . . . . . . . . . . . . . . ~cA 2215
Airfoilsectionattip . . . . . . . . . . . . . . . . . NACA2206

Wingflaps(split,trailing-edge):
Totalsrea,sqft. . . . . . . . ● . . ... . . . . . . .
~talspan,in. . . . . . . . . . . . . . . . . . . . . 4;
Maximumdeflectiondownward,deg . . . . . . . . . . . .

TESTS

In general,theprocedurefollowedineachtestwasto stabilize
flightatthedesiredspeedandpowerand&t m estimatedzeroangleof
yaw. Whenstabilizedconditionswereobtained,recordsweretakenat,
or inpassingthrough,a pressurealtitudeof5,000feet.Durtigeach
runthea~lsne wasyawedslightlyto theleftandright,and,fromthe
resultingthe histories,conditionsat zeroangleofyawweredetermined.

Alltestsweremadewithbothenginesadjustai,asnesrl.yaspossi-
ble,tothesanepowerby usingstandardairplaneinstrumentation.

RESULTSANDDISCUSSION

m
L-

Theresultsofthetestsarepresentedinfigures6 to10as the
variationof slipstreamtotal-pressurerisewithangulerpositionabout
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thethrustaxisforboththeleftandright
engines1 s.nd2,respectively).Thevalues

engines(designatedas
of indicatedairspeed,

foldpressure,andenginespeedareindicatedby standardpilot’s
instrumentsandsreas follows: o

Effectof -

Airspeed

wingflaps

Power

Angleofyaw

Enginecowl
flaps

5

mani-

Engine Manifold
Flightconditions speed, pressure, Figure

rpm h. Hg

Approach: II2,050 21 7
v“Is= 110mph

Cruise: II2,000 30,32,and34 8
vi8= 163mph

Cruise: II2,550 31 9
vi8= 155mph

Approach: II2,020 @ 10
v~8= 110mph

Themeasurementshavebeenplottedinthesefiguresina mannerto facil-
itatecomparisonsbetweenleftandrightenginesona “mirrorimage”basis.
Althoughtheflowfieldsinwhichbothpropellersoperatemayreasonably
be assumedtobe mirrorimagesof eachoth~, itis interestingto observe
thatthethrustdistributionssre,ingeneral,quitedissimilar.These
observeddissimilaritiesme causedby thefactthatbothpropellers
rotateinthessmedirection;whereas,inordertopreservesymmetry,
theywouldhavetorotate
tendtobecomegreateras

Effect

counterto eachother.~ese dissimilarities
airspeedisreducedoraspowerisincreased.

ofAirspeedat FullPower

Theeffectofairspedonthecircumferentialdistributionofthrust
wasdeterminedbymakingtestsat indicatedairspeedsof 5 mphand195mph
withbothenginesadjustedtofullpower(2,550rpmandmmifoldpressur&
of42 in.~). Enginesettingswerenotchangedbetweenthelow-and
high-speedtests.Resultsofthesetestsarepresentedinfigure6.
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Inadditionto thethrust-distributioncurves,theaveragetotal-
.

pressureriseforeachtestisalsoindicatedinfigure6. At an indi-
catedairspeedof 95mph,theaveragetotal-pressurerisefromboth
enginesisfoundto agreetowithinlessthan2 percent.At an indicated “
airspeedof195mph,however,theaveragetotal-pressureriseforengfne2
isabout8 percenthigherthantheaveragetotal-pressureriseforengine1:
Becauseoftheagre=entobtainedatlowspeedandbecausetheen@nepower
settingswerenotchanged,thedifferencesh averagetotal-pressurerise
obtainedathighspeedmustbe attributdto a radialshiftinthrust
loadingof oneenginerelativetotheothercause@by thechangeininter-
ferenceflowwithrespecttoairspeed. --

Qualitativeverificationof thissuppositionhasbeenobtained
fromananalysisbasedonthe40-inchradialstationoftheflow-field
dataofreference9. ‘Thislocationcorrespondsroughlytothesmveyed
radialstationofthepresentinvestigationandforflightconditions
correspondingroughlytothehigh-speedconditionofthetestairplane.
Byusingthisflowfield,thecircumferentialdistributionofthrustfor .
rightandleftpropellersatthe40-inchstationwascalculated.The
averagetotal-pressurerisefrcmtherightengineatthe40-inchradius
wasfoundtobe about4 percenthigherthanthatfromtheleftengine,
ascomparedwith8 percentmeasuredh thisinvestigation.

.
Whenallow-

anceismadefortherelativelysmallfuselageinthetestsofrefer-
ence9,theagreementisconsideredtobe good.

EffectofWingFlaps,ApproachCondition

Theeffectofwingflapsonthethrustdistributionwasdetmtied
bymakingtestsintheapproachcondition(indicatedairspeedof110mph,
enginespeedof2,050rpm,endmanifoldpressureof21 in.Hg)with
flapsup andfulldown. lilgure7 showsthattheinfluenceofwingflaps
is small.Thisresultis,atfirstglance,suprisingbecausea consid-
erablectige inthrustdistributionwouldbe expectedtoresultfromthe
decreaseinairplaneangleofattackcausedby loweringthewingflaps.
However,sincethepropellersareoperatingaheadoftheflaps,the
decreaseinairplaneangleofattackis,toa largeextent,ccrapensated
by theincreaseinupwashangle.

~fect ofPower,CruiseCondition

h orderto determinethesensitivityoftotal-pressuremeasure-
● mentsto changesinenginepoweroutput,testsweremadeh thecruise
conditionatan indicatedairspeedof163mph,enginespeedof2,000rpm,
sndmanifoldpressureof32 in.Hg andat thessneatiplsmeendengine
speedsbutatmanifoldpressuresof30 in.Hg end34 W. Hg. These .—
chsngesinmanifoldpre6surecorrespondtoapproximatelya 7-percent
decreaseanda 7-percentincreaseinenginepoweroutputfromtheoriginal
manifold-pressuresettingof32 in.Hg. %
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Figure8 showsthat,at everysurveyedpoint,thetotalpressure
increaseswithan increaseinenginepoweranddecreaseswitha decrease
inenginepower.As alsoindicatedwithintheaccuraciesoftheinstru-
mentation,a chsngeintotalpressure,arisingfroma changeinpower,
appesrstobe indepmdentofthepointofmeasurement.

Effect-ofAngleofYaw,CruiseCondition

Figure9 presentstheresultsoftestsmadeh thecruisecondition
at anglesofyawat -1.5°,@, and2.S0. It isseenthatsmallangles
ofyawchangethethrustdistributionsslightly,but,as expected,a
chsmge’inpressureat anysurveypoint,withintheaccuracyofmeasure-
ment,iscompensatedby an equalchangeintheoppositedtiectionon
thediametricallyopposedtotal-pressuretube. Theneteffectisto
maketheaverageof eachpairofoppositetubesessentiallyindependent
ofangleof~aw.

EffectofEngineCowlFlaps,ApproachCondition

Frompracticalconsiderations,it seemsdesirabletomountany
total-pressuresensingelementofthethrustindicatorona nonremovable
portionoftheairplanestructure.Thisprocedureoftenrequiresthat
thetotal-pressuretubesbemountedbehindtheenginecowlflaps.In
ordertodeterminewhetherthecowl-flapsettinghasanyeffectonthe
total-pressuremeasurements,testsintheapproachconditionweremade
withcowlflapsbothopenandclosed.Theresultsofthesetestsare
giveninfigure10. As anticipated,no discernibledifferencewas
measured.As longas thetotal-pressuretubesarelocatedawayfrom
thewakeofthecowlflaps,no difficultyfromcowl-flapoperation
shouldbe experience.

. Thrusl?neter-Tubebcations

Fora propelleroperatinginanundistortedflowfieldatan incli-
nationduetoan singleofpitchoryaw,thecircumferentialdistribution
of total-pressureriseat a fixedradialstationcloselyapproximates“a
sinusoidalvsriation.h thissituation,theaveragetotal-pressurerise
sensedby anypairofdiwnetricallyopposedtotal-pressuretubes,whatev-
theorimtation,wouldbe expectedtoprovidea goodindexofthrust.
Op=ationinanundistortedflowfieldisapproached,forexample,by
theoutboardpropellersoftypicalfour-enginetransportairplanes.It
isalsoapproximatedby thepropellersinairplanessuchas theC-45air-
planeofreference1 where,althoughcloseto thefuselage,thepropeller
diskisverynesrlyat thenoseoftheairplaneina regionwherethe
flowaboutthefuselageisnotstronglydeveloped.
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Whentheflowfieldisdistorted,as inthepresentinvestigation
andillustratedby figure6,thecircumferentialvariationintotal-
pressureriseisno longersinusoidal.Althoughontheaveragetheusc
ofdiametricallyopposedtubesisstillexpectedto compensateforthe
effectsofanglesofpitchandyaw,theorientationof eachpatiof
tubesbecanesimportant.Allindicatorsmustbe orientatedsothat
essentiallythesamethrustisindicatedforthessmeengineoperating
conditions.Sincetheinterferenceeffectsarenotindependentof
flightconditions,itisevidentthatonetubeorientationcannotbe
appropriatetoallflightconditions.Th~efore,theflightcondition
underwhichthemostaccuratecompar@onsbetweenpowerplanksisdesirei
mustbe determinedbeforea selectionoforientationismade. I

Infigure11 sm orientationis selectedwithaphasisonthecruise
condition;a schematicpresentationofthislocationispresentedin
figure12. Thethoughtinthiscaseistoprovidethegeatestrelative
accuracyinpowerplantcontrolandairp~_etrim. Inthisapplication,
emphasisison efficiencyofoperation._Slightdiscrepanciescouldbe
toleratedatotherflightconditionswherea highdegreeofrelative
accuracyisnotnecessary.In otherflightconditions,theinstrument
isusedprimarilyasa safetydeviceandonlylsrgethrustdifferences
betweenenginesareof importance.Theselectionof orientationin
figure11 ismadeby superimposingthethrustmeterIndications(average
total-pressureriseofeachdiametricallyopposedpairoftties)as a .
functionoftheangularpositionofoneofthetubesforoneengineon
thatoftheoth~ engine.Superpositionismadein sucha mannerthat,
whena locationisselected,thethrustmeterindicationssrethesame
forbothenginesinthecruiseconditionandnotseriouslydifferentfor
otherconditions.FortheselectionmadeinfigureU.,itisseenthat
goodcomparabilityisalsoobtainedat conditionsoffullpowerand

(
maximumspeedVis

)
= lg5 mph witha differencein indicationsof less

(
than5 percentforthefull-powerandlow-speedVis= 95mph condition.

)
Thisselectionmustbe temperedby thefactthatan accuratemeasureof.
enginepowerwasnotavailableandthatsomefired.adjustmentsmaybe
necessary.

Figure11 illustratesthatitispossibletofindthrustmeter-tuibe
orientationsthatwillprovideequalindicationsbetweenenginesfor
equalpowersforanyselectedflightconditiontithout,ingen=al,
introducingimportantdiscrepsmciesat otherconditions.Ontheother
hand,thisfigurealsoshowsthatan injudiciouschoiceoforientations
couldproduceapparentdifferencesinthrustaslargeas40percent.

Althoughtheresultsofthisinvestigationare,of course,strictly
applicabletothetestairplaneandthe.specificlocationofthesurvey
tubes,theyshouldserveasa firstapproximationformanyotherappli-
cationsbecauseofthebroadshniliaritiesbetweenairplaneswithrespect
to theirgeneralfuselage-nacellearrangement.

.

.-

*

—-

.

.

.—

.

.



NACATN3432 9

.

.

CONCLUDINGREMARKS

Theflighttestsof thisreportindicatethattheappsrentdiffer-
encesin indicatedpropellerthrustbetweenpowerplantsoperatingunder
presmnablysimilarconditionscanbe attributedto fuselage-nacelle
interferencesadmaybe cl-ted forsmyselectedflightconditionby
suitableorientationofthetotal-pressuretubes.In otherflightcon-
ditions,smallresidualeffectsmayremainwhich,however,donotimpair
theuseof thesimplethrust-indicatoras a safetydevice.

LangleyAeronauticalLaboratory,
NationalAdvisoryConmitteeforAeronautics,

IaagleyField,Vs.,Janusry18,1%5.
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(b)Sideview. L=81938

Figure2.-concluded.
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Figure3.-@Omtricalaxrangemmtof surveyring.
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I Survey-ringd!arn.,7’

“- Propel[erdiam.,I f 7“
●
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\
1
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Directionalvow kom

(a)Three-viewdrawing.

Figure5.- Geonetricconfigurationoftwin-enginetransportairplane.
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Yaw and pitch vanes

Fuselage datum line

11’7“ 7 ‘ 4’7.5”

J

J

. .
Total-pressure reference ~

(b) Relationof power-plantto surveyring.

Figure5.- Concluded.
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Wing flaps
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❑ up
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foldpressureof
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90 0

wingflapsat approachconditionof 2~050rpm,mani-
21 in.Hg,andindicatedairspeedof 110mph.
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Figure8.- Effectofvaryingpoweratconstantindicatedairspeedof
163mphandenginespeedof 2,OOOrpm. .
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Figure9.- Effectofangleofyawat constantpowerconditionof 2,550rpm,
. manifoldpressureof 31 in.H& andindicatedairspeedof155mph.
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Thustmeter-tubetocation (engine2), ~, deg
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6
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/“- (fig. 6)‘.-

5

mc0.-
0‘10’

4 0

ug
:
~ I
n

3 . Full power, ISXjrn~___ //~
--- - (fig. 6)____ _

\ \ / /“ Cruise condition\\ /
2 \ / - (fig. 8) at 32 in. Hgs
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FigureU..- Selectionof’preferredthxwstmeter total-pressure-tubeloca-
tionswithemphasison cruiseoperation.Twin-enginetransportairplane.
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